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(57) Abstract 



A microactuator (32) of an implantable 
hearing aid system (10) is secured within a 
casing (50) implanted into a fenestration (52) 
that pierces the promontory (18) of the otic 
capsule bone (31). The casing (50) includes 
a hollow sleeve (62) that has an outer surface 
(64) and a first end (66) that is received 
into the fenestration (52). The sleeve (62) 
also includes an inner surface (68) adapted 
to receive a barrel (74) of the microactuator 
(32). The casing (62) also includes a flange 
(76) that is integral with the sleeve (62) and 
projects outward from the outer surface (64) 
of the sleeve (62) about a second end (78) 
of the sleeve (62). Various means secure the 
sleeve (62) within the fenestration (52) such as 
screwing into the promontory (18) or clamping 
to the promontory (18). The casing may fasten 
the microactuator (32) to the casing (50) by a 
threaded attachment, with screws, with button- 
and-socket snap fasteners, or with a slotted 
tongue-and-groove lock. A dummy plug may 
replace the microactuator (32) should removal 
become necessary. 
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ATTACHING AN 
IMPLANTABLE HEARING AID MI CROACTU ATOR 

Technical Field 

5 The present, invention relates to fully implantable hearing 

aid system, and more particularly to an apparatus for and method 
of mounting a microactuator of the fully implantable hearing aid 
system that permits readily removing the microactuator either 
permanently or for microactuator replacement. 

10 

Background Art 

Patent Cooperation Treaty ("PCT") patent application no. 
PCT/US96/ 15087 filed September 19, 1996, entitled "Implantable 
Hearing Aid" ("the PCT Patent Application") describes an 

15 implantable hearing aid which uses a very small implantable 
microactuator. The PCT Patent Application also discloses a 
Kynar® microphone which may be physically separated far enough 
from the implanted microactuator so that no feedback occurs. A 
PCT patent application no. PCT/US97/002323 entitled "Improved 

20 Biocompatible Transducers" filed 14 February 1997, ("the Improved 
Transducers PCT Patent Application") discloses improved 
implantable microactuators and microphones that are useful in the 
fully implantable hearing aid system disclosed in the PCT Patent 
Application. The fully implantable hearing aid system disclosed 

2 5 in the PCT Patent Application and in the Improved Transducers PCT 

Patent Application can operate for a period of five years on a 
set of batteries, and produce sound levels of 110 dB. The fully 
implantable hearing aid system described in these PCT Patent 
Applications is extremely compact, sturdy, rugged, and provides 

3 0 significant progress towards addressing problems with presently 

available hearing aids. 

As described in these PCT Patent Applications, the 
microactuator is implanted into a fenestration that pierces the 
promontory of the cochlea. The PCT Patent Applications describes 
3 5 securing the microactuator within this fenestration by screwing 
the microactuator into the bony wall of the promontory. Fixed 
in that location the microactuator, either directly or indirect- 
ly, excites a basilar membrane in contact with the cochlear 
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fluid, and thereby generates sound. However, over time tissue 
may grow around the microactuator which anchors it firmly in 
place, but also making its removal very difficult. 

The bone at the promontory of the cochlea is extremely hard, 
5 and in some instances is only 0,3 to 0.5 mm thick. The bone 1 s 
hardness impedes attaching the microactuator with barbs. In some 
instances, forming screw threads into the bone may also prove 
difficult because of the promontory's thinness. 

10 Disclosure of Invention 

An object of the present invention is to facilitate 
attachment of a microactuator of an implantable hearing aid 
system to a fenestration formed through a subject's promontory, 
and to facilitate the microactuator ' s subsequent removal. 

15 Another object of the present invention is to provide a 

simple casing for facilitating attachment of a microactuator of 
an implantable hearing aid system to a fenestration formed 
through a subject's promontory, and the microactuator 1 s subse- 
quent removal. 

2 0 Another object of the present invention is to attach a 

microactuator of an implantable hearing aid system to a fenestra- 
tion formed through a subject's promontory applying little force 
to the promontory. 

Another object of the present invention is to attach a 

2 5 microactuator of an implantable hearing aid system to a fenestra- 

tion formed through a subject's promontory without fracturing the 
promontory . 

Another object of the present invention is to removed an 
implanted microactuator of a hearing aid system from a fenestra- 
30 tion formed through a subject's promontory applying little force 
to the promontory. 

Another object of the present invention is to provide an 
easily implanted casing for attaching a microactuator of an 
implantable hearing aid system to a fenestration formed through 

3 5 a subject's promontory. 

Briefly, the present invention is a casing adapted for 
implantation into a subject that is receiving an implantable 
hearing aid system. The casing is implanted into a fenestration 
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that pierces the promontory of the otic capsule bone. The 
promontory is a projection of the cochlea which is a fluid-filled 
hearing portion of the inner ear. The casing is adapted for 
receiving and attaching to the subject either of a microactuator 
5 included in the implantable hearing aid system, or of a dummy 
plug to replace the microactuator should removal of the 
microactuator become necessary. Upon application of an electric 
signal to the microactuator, the microactuator stimulates fluid 
within the inner ear, which stimulation the subject perceives as 
10 sound. 

A casing for attaching a microactuator of an implantable 
hearing aid system to a fenestration formed through a subject's 
promontory in accordance with the present invention includes a 
sleeve that has an outer surface. During implantation of the 

15 casing, a first end of the sleeve is received into the fenestra- 
tion. Disposed in that location, the outer surface of the sleeve 
mates with the fenestration for securing the casing within the 
fenestration. The hollow sleeve includes an inner surface 
adapted to receive a barrel of the microactuator. 

20 The casing also includes a flange that is integral with the 

sleeve. The flange projects outward from the outer surface of 
the sleeve about a second end of the sleeve that is located 
distal from the first end. The flange, through contact either 
with a mucosa that covers the promontory or with the promontory 

2 5 itself, limits a depth to which the first end of the sleeve may 

enter into the fenestration. 

A casing in accordance with the present invention may employ 
various means for securing the sleeve within the fenestration 
such as screwing into the promontory or clamping to the promonto- 

3 0 ry. Similarly, such a casing may fasten the microactuator to the 

casing in various ways such as by a threaded attachment, with 
screws, with button-and-socket snap fasteners, or with a slotted 
tongue-and-groove lock. A casing in accordance with the present 
invention may also include a keyway that receives a mating key 
3 5 formed on the barrel of the microactuator for establishing an 
orientation of the implanted microactuator. 

These and other features, objects and advantages will be 
understood or apparent to those of ordinary skill in the art from 
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the following detailed description of the preferred embodiment 
as illustrated in the various drawing figures. 

Brief Description o f Drawings 
5 FIG. 1 is a schematic coronal, partial sectional view 

through a human temporal bone illustrating the external, middle 
and inner ears, and showing the relative positions of the 
components of a fully implantable hearing aid system disclosed 
in the PCT Patent Application; 

10 FIG. 2 is a partial cross-sectional elevational view illus- 

trating an externally and internally threaded casing, that 
includes an integral sleeve and flange, used for attaching an 
implantable hearing aid's microactuator into a fenestration that 
pierces the promontory; 

15 FIG. 3 is a partial cross-sectional elevational view illus- 

trating an alternative embodiment, externally threaded casing and 
an internal O-ring seal for attaching a microactuator into a 
fenestration that pierces the promontory; 

FIG. 4 is a cross-sectional plan view of a casing implanted 

20 into a fenestration through the promontory taken along the line 
4-4 in FIG. 3; 

FIG. 5 is a plan view of an alternative embodiment casing 
that is divided into a plurality of separate, annular ly-shaped 
segments that illustrates reception of a cross-sectional view of 
25 the barrel of the microactuator into the casing; 

FIG. 6 is a partially sectioned elevational view of the 
alternative embodiment casing taken along the line 6-6 in FIG. 
5 showing reception of the barrel of the microactuator into the 
casing, and reception of buttons projecting from the flange of 
3 0 the casing into mating sockets on the microactuator; 

FIG. 7 is a partially sectioned elevational view of the 
alternative embodiment casing depicted in FIG. 6 that illustrates 
sockets which provide radially aligned "grooves" for receiving 
mating buttons that project from the flange of the casing; 
3 5 FIG. 8 is a partially sectioned perspective view of the 

alternative embodiment casing depicted in FIG. 6 that illustrates 
inserting the microactuator into the casing and securing it there 
using a keyway formed internally on the casing's sleeve in 
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combination with a key that projects outward from the 
microactuator's barrel; and 

FIG. 9 is a partially sectioned elevational view of the 
alternative embodiment casing depicted in FIG. 6 that illus- 
5 trates securing the microactuator to the casing with a keyway 
formed externally on the casing's flange in combination with a 
key that projects inward from the microactuator. 

Best Mode for Carrying Out the Invention 

10 FIG . 1 illustrates relative locations of components of an 

implantable hearing aid 10 in accordance with the present 
invention after implantation in a temporal bone 11 of a human 
subject 12. FIG. 1 also depicts an external ear 13 located at 
one end of an external auditory canal 14. An opposite end of the 

15 external auditory canal 14 terminates at an ear drum 15. The ear 
drum 15 mechanically vibrates in response to sound waves that 
travel through the external auditory canal 14. The ear drum 15 
serves as an anatomic barrier between the external auditory canal 
14 and a middle ear cavity 16. The ear drum 15 amplifies sound 

20 waves by collecting them in a relatively large area and transmit- 
ting them to a much smaller area of an oval-shaped window 19. 
An inner ear 17 is located in the medial aspects of the temporal 
bone 11. The inner ear 17 is comprised of otic capsule bone 31 
containing the semi-circular canals for balance and a cochlea 20 

25 for hearing. A relatively large projection, referred to as the 
"promontory 18," projects from the otic capsule bone 31 inferior 
to the oval window 19 which overlies a basal coil of the cochlea 
20. A round window 29 is located on the opposite side of the 
promontory 18 from the oval window 19, and overlies a basal end 

30 of the scala tympani. 

Three mobile bones (malleus, incus and stapes) , referred to 
as an ossicular chain 21, span the middle ear cavity 16 to 
connect the ear drum 15 with the inner ear 17 at the oval window 
19. The ossicular chain 21 conveys mechanical vibrations of the 
35 ear drum 15 to the inner ear 17, mechanically de-amplifying the 
motion by a factor of 2.2 at 1000 Hz. Vibrations of a stapes 
footplate 27 in the oval window 19 cause vibrations in perilymph 
fluid 20a contained in scala vestibuli of the cochlea 20. These 



WO 97/36457 PCT/US97/04740 

- 6 - 

pressure wave "vibrations" travel through the perilymph fluid 20a 
and endolymph fluid of the cochlea 2 0 to produce a traveling wave 
of the basilar membrane. Displacement of the basilar membrane 
bends "cilia" of the receptor cells 20b, The shearing effect of 
5 the cilia on the receptor cells 20b causes depolarization of the 
receptor cells 20b. Depolarization of the receptor cells 20b 
causes auditory signals to travel in a highly organized manner 
along auditory nerve fibers 20c f through the brainstem to 
eventually signal the cerebral cortex in the temporal lobe of a 

10 brain of the subject 12 to perceive the vibrations as "sound." 

The ossicular chain 21 is composed of a malleus 22, an incus 
23, and a stapes 24. The stapes 24 is shaped like a "stirrup" 
with arches 25 and 26 and a stapes footplate 27 which covers the 
oval window 19. The mobile stapes 24 is supported in the oval 

15 window 19 by an annular ligament which attaches the stapes 
footplate 27 to the solid otic capsule margins of the oval window 
19 . 

Fig 1 also illustrates the three major components of the 
hearing aid 10, a microphone 28, a hermetically-sealed 
2 0 signal-processing amplifier 3 0 which includes a battery not 
separately depicted in FIG. 1, and microactuator 32. Miniature 
cables or flexible printed circuits 3 3 and 34 respectively 
interconnect the signal-processing amplifier 30 with the 
microactuator 32, and with the microphone 28. The microphone 2 8 
2 5 is mounted below the skin in the auricle, or alternatively in the 
postauricular area of the external ear 13. 

The signal-processing amplifier 30 is implanted subcutane- 
ously behind the external ear 13 within a depression 38 surgical- 
ly sculpted in a mastoid cortical bone 39 of the subject 12. The 
30 signal-processing amplifier 30 receives a signal from the micro- 
phone 28 via the miniature cable 33, amplifies and conditions 
that signal, and then re-transmits the processed signal to the 
microactuator 32 via the miniature cable 34 implanted below the 
skin in the external auditory canal 14. The signal-processing 
3 5 amplifier 3 0 processes the signal received from the microphone 
28 to optimally match characteristics of the processed signal to 
the microactuator 3 2 to obtain the desired auditory response. 
The signal-processing amplifier 30 may perform signal processing 
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using either digital or analog signal processing, and may employ 
both nonlinear and highly complex signal processing. 

The microactuator 32 transduces the electrical signal 
received from the signal-processing amplifier 30 into vibrations 
5 that either directly or indirectly mechanically vibrate the 
perilymph fluid 20a in the inner ear 17. As described previous- 
ly, vibrations in the perilymph fluid 20a actuate the receptor 
cells 20b to stimulate the auditory nerve fibers 2 0c which signal 
the brain of the subject 12 to perceive the mechanical vibrations 
10 as sound. 

FIG. 1 depicts the relative position of the microphone 28, 
the signal-processing amplifier 30 and the microactuator 32 with 
respect to the external ear 13. Even though the 

signal-processing amplifier 30 is implanted subcutaneously , the 

15 subject 12 may control the operation of the hearing aid 10 using 
techniques analogous to those presently employed for controlling 
the operation of miniaturized external hearing aids. Both the 
microphone 28 and the microactuator 32 are so minuscule that 
their implantation requires little or no destruction of the 

20 tissue of the subject 12. Of equal importance, the microphone 
28 and the signal-processing amplifier 30 do not interfere with 
the normal conduction of sound through the ear, and thus will not 
impair hearing when the hearing aid 10 is turned off or not 
functioning. 

25 

II Threaded Attachment 

FIG. 2 illustrates an embodiment of the present invention 
for attaching the microactuator 32 to the subject 12 using a 
casing 50 implanted into a fenestration 52 that pierces the 

30 promontory 18 projecting from the otic capsule bone 31. Due to 
anatomical constraints, the diameter of the fenestration 52 
cannot exceed 1.6 mm. As illustrated in FIG. 2, a layer of 
tissue, identified as mucosa 54, covers that side of the 
promontory 18 facing the middle ear cavity 16. Another layer of 

35 tissue, identified as endothelium 56, covers that side of the 
promontory 18 facing the inner ear 17. To avoid sensory damage, 
the fenestration 52 may be formed through the mucosa 54, 
promontory 18 and endothelium 56 using a low-speed drill (not 
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illustrated in any of the FIGs.) which rotates at a speed below 
200 Hz. Alternatively, a pulsed laser beam with appropriate 
energy parameters may be used for forming the fenestration 52 
through the mucosa 54, promontory 18 and endothelium 56. 
5 Spectroscopic studies of the human otic capsule bone 31 suggest 
that the ideal laser wavelength will include those of the excimer 
laser, Erbium-YAG and C02 lasers. The preceding procedures for 
forming the fenestration 52 may penetrate the endothelium 56, or 
the endothelium 56 may remain intact. 
10 The casing 50 includes hollow sleeve 62 having a threaded 

outer surface 64 which has a first end 66 that is received into 
the fenestration 52. The hollow sleeve 62 also has an inner 
surface 68 that receives a barrel 72 of the microactuator 32. 
The casing 50 also includes a flange 76 that is formed integrally 
15 with the sleeve 62, and that projects outward from the outer 
surface 64 of the sleeve 62 about a second end 78 of the sleeve 
62 that is located distal from the first end 66. The flange 76 
limits a depth to which the first end 66 of the sleeve 62 may 
enter into the fenestration 52 through contact between the flange 
20 76 and either the mucosa 54 overlying the promontory 18, or the 
promontory 18 itself, should the mucosa 54 be removed or forced 
aside. The casing 50 may be made out of titanium or any suitable 
bio-compatible material, including Teflon, hydroxyapatite , etc. 
To secure the embodiment of the casing 50 depicted in FIG. 
25 2 within the fenestration 52, after initially boring, either with 
a drill or a laser as described above, the fenestration 52 is 
threaded with a screw tap (not illustrated in any of the FIGs.). 
The tap has a relatively coarse pitch, on the order of 2 to 4 
turns per mm. To avoid damaging structures within the inner ear 
3 0 17, the tap must have a very precise length, and have a broad 
shoulder that contacts the mucosa 54 covering the promontory 18 
so the tap does not penetrate into the inner ear 17 more than a 
fraction of mm. Accordingly, a series of taps may be used 
successively with all taps having the same pitch but increasingly 
3 5 larger diameter. In this way each successive tap provides a 
slightly deeper cut into the promontory 18 than the previous tap. 
After tapping the fenestration 52 to prepare it to receive the 
casing 50 depicted in FIG. 2, the casing 50 is screwed into the 
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promontory 18 thereby mating the threaded sleeve 62 of the casing 
50 with the fenestration 52, and thus securing the casing 50 
within the fenestration 52. 

As illustrated in FIG. 2, the threaded inner surface 68 of 
5 the sleeve 62 has a diameter of approximately 1.3 mm. The 
threads on inner surface 68 may extend along the entire length 
of the inner surface 68 from the second end 78 to the first end 
66, or only through a fraction of its length. The pitch of 
threads on the inner surface 68 may be substantially smaller than 

10 the pitch of the threads on the outer surface 64. During 
insertion of the casing 50 into the fenestration 52, to prevent 
any release of cochlear fluid a dummy plug (not illustrated in 
any of the FIGs. may fill the inner surface 68. 

After the casing 50 has been secured in the fenestration 52, 

15 the dummy plug is removed and the barrel 7 2 of the microactuator 
32 is screwed into the inner surface 68. An elastomeric seal 82, 
which encircles the barrel 72 of the microactuator 3 2 and is 
disposed between the microactuator 32 and the casing 50, may be 
used to make a leak tight seal between the microactuator 3 2 and 

20 the casing 50. 

When using a fluidic amplifier microactuator 32 as described 
in the PCT Patent Application and in the Improved Transducers PCT 
Patent Application, there exists little restriction on the size 
of the barrel 72, since the size of the transducer located in the 

25 middle ear cavity 16 controls the volume displacement of fluid 
within the microactuator 32. (The PCT Patent Application, the 
Improved Transducers PCT Patent Application, and United States 
Patent Applications Serial No. 08/532,398 entitled "Implatable 
Hearing Aid" that was filed September 22, 1995, and Serial No. 

30 08/801,056 entitled "Improved Biocompatible Transducers" that was 
filed February 24, 1997, are hereby incorporated by reference as 
though fully set forth here.) Screwing the microactuator 32 into 
the casing 50 depicted in FIG. 2 requires rotating the miniature 
cable 34 which can be cumbersome in practice. Likewise, using 

3 5 the casing 50 depicted in FIG. 2 the angular orientation of the 
microactuator 3 2 cannot be set, or even determined, until the 
casing 50 has been installed. 
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FIG. 3 illustrates an alternative embodiment of the casing 
50. Those elements depicted in FIG. 3 that are common to the 
casing 50 depicted in FIG. 2 carry the same reference numeral 
distinguished by a prime (" '") designation. The embodiment of 
5 the casing 50 1 depicted in FIG. 3 has a smooth, rather than 
threaded, inner surface 68' of the sleeve 62 ' , and the barrel 72 1 
of the microactuator 32 1 slips tightly into the externally 
threaded sleeve 62'. The flange 76' of the casing 50' has 
threaded apertures 86 formed therein, and adjacent portions of 
10 the microactuator 32' are pierced by aligned apertures 88. 
Screws 92, which respectively extend through the apertures 88 and 
thread into the threaded apertures 86, secure the microactuator 
32' to the casing 50' when the barrel 72 f may be received into 
the sleeve 62*. A small, bio-compatible elastomeric O-ring 96 
15 disposed between the microactuator 32 1 and the casing 50', may 
be used to make a leak tight seal between the microactuator 32 1 
and the casing 50*. 

The cross-sectional view of the casing 50' depicted in FIG. 
4 illustrates a keyways 98 notched into the inner surface 68 1 of 
20 the casing 50'. One of the keyways 98 receives a mating key 99, 
illustrated in FIG. 3, that projects outward from the barrel 72' 
of the microactuator 32'. Consequently, the microactuator 32 1 
is received into the casing 50' in only a limited number of 
orientations which are arranged so the apertures 88 that pierce 
25 the microactuator 32 1 align with the threaded apertures 86 formed 
into the flange 76*. This embodiment of the casing 50 1 permits 
orienting the miniature cable 34' to one of a number of desired 
positions, and also applies a small torque to the casing 50* 
either when installing or removing the microactuator 32 1 , thereby 
3 0 reducing the possibility of cracking the promontory 18. 

Ill snap Attachment 

FIGs. 5 and 6 depict an alternative embodiment of the casing 
50. Those elements depicted in FIGs. 5 and 6 that are common to 
35 the casing 50 and 50' respectively depicted in FIG. 2 and 3 carry 
the same reference numeral distinguished by a double prime (••«•■) 
designation. The casing 50" divides the sleeve 62" and the 
flange 76" into a plurality of separate, annular ly-shaped 
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segments 102 preferably fabricated from titanium. As illustrated 
in FIG. 5, the annularly-shaped segments 102 form almost a 
complete circle. The annularly-shaped segments 102 are attached 
to and coupled together by a thin, annularly-shaped sheet 104 of 
5 an inert and bio-compatible polymeric or elastomeric material. 
The sheet 104 is approximately 1 to 2 mils thick. Appropriate 
polymeric materials for the sheet 104 include Teflon®, polyimide, 
polyvinylidenef luoride ("PVDF") or a similar material. The sheet 
104 extends along a surface of the flange 76" between the flange 

10 7 6" and the adjacent mucosa 54, and between the outer surface 64" 
of the sleeve 62" and the fenestration 52. In this way, the 
sheet 104 seals between the outer surface 64" of the sleeve 62" 
and the promontory 18. While the embodiment of the casing 50" 
depicted in FIG. 5 illustrates three annularly-shaped segments 

15 102, a casing 50" in accordance with this embodiment of the 
present invention may have other numbers of annularly-shaped 
segments 102 such as 2 or 4, or even more if desired. 

The first end 66" of the sleeve 62" is formed with an 
outwardly-directed, hook-shape to clamp the casing 50" tightly 

20 to the promontory 18. Since the promontory 18 varies in 
thickness for different subjects 12, during surgery it is 
desirable to have available for implantation several casings 50" 
with differing lengths ranging from 0.3 to 1.0 mm for the sleeve 
62". Typically, the wall of the titanium sleeve 62" adjacent to 

25 the fenestration 52 is approximately 100 to 200 microns thick, 
and the first end 66 passes through the fenestration 52 which has 
a diameter of approximately 1.2 to 1.4 mm. After all of the 
annularly-shaped segments 102 have been inserted into the 
fenestration 52 so the first end 66" of the sleeve 62" is located 

30 within the inner ear 17, a tool may be inserted into the sleeve 
62 to thereby dilate the casing 50" and urge the sheet 104 
covering the outer surface 64" of the sleeve 62 into contact with 
the promontory 18 . 

As illustrated in FIG. 6, a button 112 projects from a 

35 surface of the flange 76" furthest from the mucosa 54 for each 
of the annularly-shaped segments 102. Insertion of the casing 
50" into the fenestration 52 may be facilitated by a special tool 
(not illustrated in any of the FIGs.) which grasps the buttons 
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112. Because the annularly-shaped segments 102 are secured to 
each other by the flexible sheet 104, they can be drawn toward 
each other during insertion into the fenestration 52. Therefore, 
the insertion tool draws the buttons 112 toward each other thus 
5 retracting the hook-shaped first end 66" to a diameter smaller 
than that of the fenestration 52. In this way, the casing 50" 
can be inserted into a fenestration 52 which is actually slightly 
smaller in diameter than the hook-shaped first end 66" of the 
expanded casing 50". Upon disengagement of the buttons 112 from 

10 the tool, the casing 50" expands and becomes secured to the 
promontory 18 surrounding the fenestration 52. Differing from 
the casing 50 or 50' depicted in FIGs. 2 and 3, the casing 50" 
illustrated in FIGs. 6 and 7 may be secured to the promontory 18 
at any orientation thereby facilitating subsequent installation 

15 of the microactuator 32" into the casing 50" 

The barrel 72" of the microactuator 32" adapted for 
insertion into the casing 50" is formed with a slight conical 
taper (depicted in FIG. 6) , and also projecting splines 116 
(depicted in FIG. 5) that fit into gaps 118 between the expanded 

20 annularly-shaped segments 102. In this way the shape of the 
sleeve 62" established by the annularly-shaped segments 102 
provides keyways, i.e. the gaps 118, that are adapted to receive 
mating keys, i.e. the splines 116, formed on the barrel 72" of 
the microactuator 32". The inner surface 68" of the sleeve 62" 

25 is preferably formed with a conical taper matching that of the 
barrel 72" of the microactuator 32". The barrel 72" is coated 
with a thin layer 122 of polymeric material to seal well against 
the inner surface 68 of the sleeve 62, and against the polymer 
sheet 104 in the gaps 118 between the annularly-shaped segments 

30 102. The polymeric layer 122 may be provided by a 1-2 mils thick 
parylene coating. 

Due to the tapered shape of the barrel 72", insertion of the 
barrel 72" into the casing 50" expands the annularly-shaped 
segments 102 of the sleeve 62" against the surrounding promontory 

35 18 thereby sealing the casing 50" and the microactuator 32" in 
place. As illustrated in FIG. 6, after insertion of the barrel 
72" into the sleeve 62" begins, further advancement of the barrel 
72" into the sleeve 62" also causes circularly-shaped sockets 126 
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to snap around each of the buttons 112 • As illustrated in FIG. 
6, each of the sockets 12 6 includes several slots which permit 
expansion of the socket 126 as it slips over the head of the 
mating button 112. The convex radius of the socket 126 which 
5 contacts the button 112 is preferably larger than the convex 
radius of the mating button 112 so the socket 12 6 is self- 
centering along the length of the button 112. While hooks, or 
other types of fasteners might be used to secure the 
microactuator 32" to the casing 50", preferably the mated buttons 

10 112 and sockets 126 hold the microactuator 32 in place against 
the casing 50". 

A tool may be used for engaging the microactuator 32" with 
the casing 50" which applies no pressure to the promontory 18, 
but only to the casing 50. If it should become necessary to 

15 remove the microactuator 32" from the casing 50", another tool 
can be used which pries the microactuator 32" loose from the 
casing 50" without pulling on the promontory 18. 

To facilitate alignment of the sockets 12 6 with the buttons 
112 and to permit expansion of the annularly-shaped segments 102 

20 as the barrel 72" mates with the sleeve 62", the sockets 126 are 
preferably formed with radially aligned "grooves" as illustrated 
at the right hand side of FIG. 7. The grooves provide the same 
transverse cross-section as the sockets 12 6 depicted at the left- 
hand side of FIG. 7 and in FIG. 6. However, the radially aligned 

25 groove provided by the socket 126 depicted at the right-hand side 
of FIG. 7 permits radial movement of the buttons 112 with respect 
to the microactuator 32". Not all of the sockets 126 of the 
microactuator 32" need provide radially aligned grooves. One of 
the sockets 126 included in the microactuator 32", as illustrated 

3 0 at the left-hand side of FIG. 7 and in FIG. 6, need not provide 
a radially aligned groove. If all but one of the sockets 12 6 of 
the microactuator 32" provide radially aligned grooves, alignment 
with and expansion of the annularly-shaped segments 102 still 
occurs as the microactuator 32 is pressed into the casing 50". 

35 FIG. 8 depicts an alternative, tongue-and-groove lock for 

securing the microactuator 32" to the casing 50". Similar to the 
embodiment depicted in FIGs. 3 and 4, the embodiment depicted in 
FIG. 8 employs at least two keys 99" that project outward from 



WO 97/36457 PCT/US97/04740 

- 14 - 

the barrel 72 n , only one of which is visible in the illustration 
of FIG. 8. However, the embodiment of FIG. 8 is distinguished 
from the embodiment of FIGs. 3 and 4 in that the keys 99" are 
received into J-shaped keyways 98" formed into the inner surface 
5 68" of the sleeve 62". To secure the microactuator 32" to the 
casing 50", the keys 99" are aligned with keyways 98", the barrel 
72" of the microactuator 32" inserted further into the sleeve 
62", and then the microactuator 3 2" is rotated slightly so the 
keys 99" enter into the ends of the J-shaped keyways 98" furthest 

10 from the barrel 72" of the sleeve 62". 

FIG. 9 depicts yet another alternative tongue-and-groove 
lock for securing the microactuator 32" to the casing 50". 
Similar to the embodiment depicted in FIG. 8, the embodiment 
depicted in FIG. 9 employs at least two keys 99 that are received 

15 into J-shaped keyways 98". However, the embodiment depicted in 
FIG. 9 is distinguished from the embodiment depicted in FIG. 8 
in that the keyways 98" are formed externally on the flange 7 6" 
while the keys 99" project inward from an overhanging portion of 
the microactuator 32" that completely encircles at least a 

20 portion of the flange 76". 

Industrial Applicability 

As described above, forming the fenestration 52 through the 
promontory 18 may or may not penetrate the endothelium 56. If 

25 forming the fenestration 52 penetrates the endothelium 56, then 
the microactuator 32, 32' or 32", when electrically energized, 
directly stimulates the fluid within the inner ear 17. If the 
endothelium 56 remains intact after formation of the fenestration 
52, then electrically energizing the microactuator 32, 32 1 or 32" 

30 directly stimulates the endothelium 56, and through the endothe- 
lium 56 indirectly stimulates the fluid within the inner ear 17. 
Under either circumstances, the microactuator 32, 32 1 or 32" 
secured within the casing 50, 50' or 50", when electrically 
energized, stimulates the fluid within the inner ear 17. If for 

3 5 some reason it should become necessary to deactivate the hearing 
aid 10, then the microactuator 32, 32 1 or 32" may be removed from 
the casing 50, 50' or 50", and a dummy plug installed therein. 
Under such circumstances, because the hearing aid 10 completely 
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bypasses the anatomical hearing structures, e.g. the ear drum 15, 
the ossicular chain 21 and the stapes footplate 27, the hearing 
of a subject 12 from which the hearing aid 10 has been removed 
should return to that existing before its implantation. 
5 Although the present invention has been described in terms 

of the presently preferred embodiment, it is to be understood 
that such disclosure is purely illustrative and is not to be 
interpreted as limiting. For example, parts of the casing 50 may 
be formed with a shape which differs from that depicted in the 

10 FIG. 2 et sec. Such alternative shapes for parts of the casing 
5 0 may be required to avoid any interference with anatomical 
structures located within the middle ear cavity 16. Analogously, 
while FIGs. 6 and 7 depict the buttons 112 as projecting from the 
flange 7 6" and the sockets 126 as being secured to the 

15 microactuator 32", it is readily apparent that the sockets 126 
could project from the flange 76" and the button 112 be secured 
to the microactuator 32". While the present invention discloses 
mechanically securing the casing 50 within the fenestration 52 
that pierces the promontory 18, a casing 50 in accordance with 

2 0 the present invention might also be secured within the fenestra- 
tion 52 by a suitable bio-compatible adhesive material. Conse- 
quently, without departing from the spirit and scope of the 
invention, various alterations, modifications, and/ or alternative 
applications of the invention will, no doubt, be suggested to 

25 those skilled in the art after having read the preceding disclo- 
sure. Accordingly, it is intended that the following claims be 
interpreted as encompassing all alterations, modifications, or 
alternative applications as fall within the true spirit and scope 
of the invention. 
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The Claims 

What is claimed is: 

1. A casing adapted for implantation into a fenestration 
that pierces a promontory of an otic capsule bone, the promontory 
5 being a projection of a cochlea which is a fluid-filled hearing 
portion of an inner ear of a body of a subject, the casing being 
adapted for receiving and attaching to the subject a 
microactuator of an implantable hearing aid system, the 
microactuator being adapted for stimulating fluid within the 
10 inner ear in response to application of an electric signal 
thereto, the casing comprising: 

a hollow sleeve having an outer surface which has a first 
end that is received into the fenestration, the outer surface of 
said sleeve mating with the fenestration for securing the casing 
15 within the fenestration, said hollow sleeve also having an inner 
surface adapted for receiving a barrel of the microactuator; 

a flange integral with said sleeve that projects outward 
from the outer surface of said sleeve about a second end of said 
sleeve that is located distal from the first end of said sleeve, 
20 said flange limiting a depth to which the first end of said 
sleeve may enter into the fenestration through contact between 
said flange and either mucosa overlying the promontory or the 
promontory ; and 

fastening means for securing the microactuator to the casing 
25 when the barrel of the microactuator is received into said 
sleeve . 

2. The casing of claim 1 wherein the outer surface of said 
sleeve is threaded and the sleeve is secured within the fenestra- 

30 tion by screwing thereinto, 

3. The casing of claim 2 wherein said fastening means 
includes threads formed on the inner surface of said sleeve that 
are adapted to engage mating threads on the barrel of the 

3 5 microactuator. 
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4, The casing of claim 3 wherein the casing and the 
microactuator are shaped to receive an elastomeric seal disposed 
therebetween . 

5 5. The casing of claim 2 wherein said sleeve is shaped to 

snugly receive the barrel of the microactuator. 

6. The casing of claim 5 wherein said sleeve is shaped to 
provide a keyway adapted to receive a mating key formed on the 

10 barrel of the microactuator. 

7. The casing of claim 5 wherein said fastening means 
includes threaded apertures formed in said flange, the 
microactuator being pierced by apertures that respectively align 

15 with the threaded apertures formed in said flange, said fastening 
means also including screws each one of which is adapted to 
extend through one of the apertures that pierce the microactuator 
and to engage the threaded aperture in the flange that aligns 
with the aperture through which the screw extends. 

20 

8. The casing of claim 2 further comprising the 
microactuator, and wherein the fenestration penetrates the 
endothelium whereby the microactuator, upon being energized, 
directly stimulates fluid within the inner ear. 

25 

9. The casing of claim 2 further comprising the 
microactuator, and wherein the fenestration does not penetrate 
the endothelium whereby the microactuator, upon being energized, 
directly stimulates the endothelium to thereby indirectly 

3 0 stimulate fluid within the inner ear. 

10. The casing of claim 1 wherein said casing is divided 
into a plurality of separate, annular ly-shaped segments each one 
of which forms a portion of said sleeve and a portion of said 

35 flange. 



11. The casing of claim 10 wherein the first end of said 
sleeve is formed with an outwardly-directed, hooked-shape for 
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clamping the casing tightly to the promontory upon insertion of 
said sleeve into the fenestration and expansion of the 
annular ly-shaped segments outward toward the promontory. 

5 12. The casing of claim 10 further comprising a sheet of 

polymeric material that is disposed between said flange and said 
sleeve of the casing and the promontory when the casing is 
fastened in the fenestration. 

10 13. The casing of claim 12 wherein the annularly-shaped 

segments forming said sleeve are attached to said sheet of 
polymeric material. 

14. The casing of claim 10 wherein the inner surface of 
15 said sleeve snugly receives the barrel of the microactuator . 

15. The casing of claim 14 wherein said sleeve has a 
conically-shaped inner surface adapted to receive a mating, 
conically-shaped barrel of the microactuator. 

20 

16. The casing of claim 15 further comprising the 
microactuator the barrel of which includes a key that mates with 
a keyway provided by said sleeve, and the barrel, including the 
key, being coated with a polymeric material. 

25 

17. The casing of claim 10 wherein the fastening means 
includes buttons that project outward from a face of said flange 
that is furthest from the promontory when the casing is inserted 
into the fenestration, said buttons being adapted to be received 

3 0 into and engage mating sockets on the microactuator that are 
adapted to secure the microactuator to the casing by snapping 
around said buttons. 

18. The casing of claim 17 further comprising the 
3 5 microactuator having sockets for engaging buttons projecting from 

said flange wherein at least one of the sockets is formed as a 
radially aligned groove adapted to receive and engage one of said 
buttons along a length of the radially aligned groove. 
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19. The casing of claim 10 further comprising the 
microactuator, and wherein the fastening means includes 
tongue-and-groove lock formed partially on the casing and 
partially on the microactuator. 

5 

20. The casing of claim 19 wherein the tongue-and-groove 
lock includes a keyway formed in the inner surface of said sleeve 
and a mating key projecting from the barrel of the microactuator. 

10 21 • Tne casing of claim 19 wherein the tongue-and-groove 

lock includes a keyway formed in the inner surface of said flange 
and a mating key projecting from the microactuator. 

22. The casing of claim 10 further comprising the 
15 microactuator, and wherein the fenestration penetrates the 

endothelium whereby the microactuator, upon being energized, 
directly stimulates fluid within the inner ear. 

23. The casing of claim 10 further comprising the 
2 0 microactuator, and wherein the fenestration does not penetrate 

the endothelium whereby the microactuator, upon being energized, 
directly stimulates the endothelium to thereby indirectly 
stimulate fluid within the inner ear. 
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